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ILJE
7DEOH3ULQFLSDOUHVXOWVRIWKHIDWLJXHWHVWV
6DPSOHJHRPHWU\ &RQGLWLRQ
:|KOHUFXUYH *DLQ
(TXDWLRQ k V303D TV #uF\FOHV #uF\FOHV 
6PRRWK $VUHFHLYHG E u
    
3HHQHG% D   
%OXQWQRWFKHG5 $VUHFHLYHG E u
    
3HHQHG% D   
6KDUSQRWFKHG5 $VUHFHLYHG E u
    
3HHQHG% D   
9HU\VKDUSQRWFKHG
5
$VUHFHLYHG E u    
3HHQHG% E u  

7KHSHHQLQJWUHDWPHQWZDVHIIHFWLYHLQSURORQJLQJWKHIDWLJXHOLIHRIWKHPDWHULDODVZHOODVLQUHGXFLQJWKHODUJH
VFDWWHULQIDWLJXHUHVXOWVGLVSOD\HGE\WKHYLUJLQPDWHULDO7KHLPSURYHPHQWGHSHQGVRQERWKWKHDSSOLHGORDGDQGWKH
QRWFKVHYHULW\7KHLQFUHPHQWLQIDWLJXHUHVLVWDQFHGXHWRVKRWSHHQLQJVWHDGLO\GHFOLQHVGXULQJIDWLJXHOLIHIRUVPRRWK
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DQGEOXQWQRWFKHGVSHFLPHQVEHLQJPRUHUHPDUNDEOHDWKLJKORDGOHYHOVFRUUHVSRQGLQJWRVKRUWHUIDWLJXHOLYHVOHDGLQJ
WRKLJKHUYDOXHVRIWKHVORSHLQWKH3IDWLJXHOLQH:KLOHWKHSODLQIDWLJXHSHUIRUPDQFHDWF\FOHVRIWKHSHHQHG
YDULDQWVLVFRPSDUDEOHZLWKWKDWRIWKHYLUJLQPDWHULDODQLQFUHPHQWRIDERXWLQWKHIDWLJXHUHVLVWDQFHRIEOXQW
QRWFKHGVSHFLPHQVLVVWLOOSUHVHQWLQWKLVIDWLJXHUHJLPH2QWKHFRQWUDU\WKHLQFUHPHQWGXHWRVKRWSHHQLQJLVHYHQ
KLJKHUIRUORQJHUWKDQIRUVKRUWHUIDWLJXHLQWKHFDVHRIVKDUSQRWFKHVDQGIRUYHU\VKDUSQRWFKHV



)LJ1RWFKVHQVLWLYLW\IDFWRUGHSHQGHQFHXSRQQRWFKURRWUDGLXVIRUDIDWLJXHOLYHFRUUHVSRQGLQJWRDuDQGEuF\FOHV

)LJXUHVDDQGELOOXVWUDWHWKHGHSHQGHQFHRIWKHQRWFKVHQVLWLYLW\IDFWRUqRQWKHQRWFKURRWUDGLXVrIRUDIDWLJXH
OLIHRIuDQGu UHVSHFWLYHO\$ UHPDUNDEOH UHGXFWLRQ LQQRWFKVHQVLWLYLW\GXH WRVKRWSHHQLQJ LVHYLGHQW
HVSHFLDOO\IRUWKHEOXQWQRWFK57KHGHSHQGHQFHRIWKHIDFWRUqXSRQWKHQRWFKURRWUDGLXVIRUWKHXQSHHQHGVDPSOHV
LVZHOOUHSUHVHQWHGE\WKH3HWHUVRQHTXDWLRQ


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r
 

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ZKHUHWKHPDWHULDOFKDUDFWHULVWLFOHQJWKaUDQJHVEHWZHHQDQGPP&RQYHUVHO\IRUWKHSHHQHGYDULDQWV
WKHIDFWRUqVHHPVWREHQRWFRUUHODWHGWRWKHQRWFKURRWUDGLXV$QDYHUDJHYDOXHZDVIRXQGFRPSULVHGEHWZHHQ
DQGDW WKHORZHVWDQGKLJKHVWIDWLJXHOLIHUHVSHFWLYHO\1RWDEO\IRU WKHYHU\VKDUSQRWFKHGVSHFLPHQV WKHq
IDFWRURIWKHXQSHHQHGVDPSOHVLVORZHUDWVKRUWHUDQGKLJKHUDWORQJHUIDWLJXHOLIHZLWKUHVSHFWWRWKHSHHQHGVDPSOHV
7KLVFRQILUPVWKDWWKHSHHQLQJWUHDWPHQWRQWKHPRVWVHYHUHQRWFKHVLVPRUHHIIHFWLYHLQWKHYHU\KLJKF\FOHIDWLJXH
UHJLPH
3.2. Residual stress field around the notch 
)LJXUHDVKRZVWKHDYHUDJHRIWKHWZR;5'PHDVXUHPHQWVSHUIRUPHGRQRSSRVLWHIURQWDOIDFHVDVDIXQFWLRQRI
WKHyFRRUGLQDWHDVGHILQHGLQ)LJDOLJQHGZLWKWKHQRWFKELVHFWRUDQGFHQWUHGRQWKHQRWFKDSH[,WFDQEHQRWHG
WKDWWKHORQJLWXGLQDO56FRPSRQHQWLQFUHDVHVPRYLQJWRZDUGWRWKHQRWFKDQGWKDWWKHVWUHVVFRQFHQWUDWLRQHIIHFWVFDOHV
ZLWKWKHVHYHULW\RIWKHQRWFK7KHUHJLRQDIIHFWHGE\WKHQRWFKVSDQVRYHUDERXWPPIURPWKHQRWFKURRW
)LJXUHELOOXVWUDWHVWKHDYHUDJHRIWKHWZR),%',&PHDVXUHPHQWVXQGHUWDNHQE\WKHPLFURKROHDQGPLFURVORW
WHFKQLTXHVRQWKHQRWFKHGVDPSOHVDIWHUUHPRYLQJWKHRXWHUPPWKLFNVXUIDFHOD\HUIURPWKHIURQWDOIDFH7KH),%
',&GDWDPDWFKWKHWUHQGVLQWKH;5'PHDVXUHPHQWV7KHH[SHULPHQWDOUHVXOWVZHUHXVHGLQ>@WRUHFRQVWUXFW
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WKHZKROH56ILHOGDFWLQJRQWKHQRWFKV\PPHWU\SODQH6SHFLILFDOO\WKH56DKHDGRIWKHQRWFKZDVLQWURGXFHGLQWR
WKHILQLWHHOHPHQWPRGHOWKURXJKDWHPSHUDWXUHILHOGUHSURGXFLQJWKHHIIHFWRIWKHSHHQLQJWUHDWPHQWDSSOLHGWRWKH
IURQWDODQGODWHUDOVXUIDFHDVZHOODVWKHERXQGDU\HIIHFWVDWWKHQRWFKURRWHGJH



)LJ5HVXOWVRIWKHPHDVXUHPHQWVLQWHUPVRIORQJLWXGLQDO56GLVWULEXWLRQDORQJWKHQRWFKELVHFWRUD$YHUDJHRIWZRPHDVXUHPHQWVWDNHQ
ZLWKWKH;5'WHFKQLTXHE$YHUDJHRIWKHPHDVXUHPHQWVWDNHQZLWK),%',&+'DQG6&WHFKQLTXHV

)LJXUHDILOOXVWUDWHWKHFRQWRXUSORWRIWKHRIWKH56ILHOGDVDIXQFWLRQRIWKH]LQGHSWKDQG\QRWFKELVHFWRU
FRRUGLQDWHV)LJXUHVDFDQGHVKRZWKHORQJLWXGLQDO56FRPSRQHQWZKLOH)LJXUHVEGDQGIGLVSOD\WKHWUDQVYHUVDO
56FRPSRQHQW$VSRLQWHGRXWE\WKHH[SHULPHQWDOPHDVXUHVDFRQVLGHUDEOHFRQFHQWUDWLRQRIWKHORQJLWXGLQDO56VDW
WKHQRWFKDSH[FDQEHQRWHGHVSHFLDOO\LQWKHVKDUSHVWQRWFK
6LPXODWLRQRIWKHIDWLJXHEHKDYLRU
7KHDGYDQWDJHRI UHFRQVWUXFWLQJ WKH56GLVWULEXWLRQDURXQG WKHQRWFK LV WKDW WKHQRWFKIDWLJXHUHVSRQVHFDQEH
SUHGLFWHGXVLQJDILHOGDSSURDFKLQVWHDGRIFRQYHQWLRQDOIDWLJXHFULWHULDEDVHGRQSRLQWVWUHVVYDOXHV$FFRUGLQJO\WKH
FULWLFDOGLVWDQFHWKHRU\SRVWXODWHVWKDWWKHQRWFKIDWLJXHUHVSRQVHLVJRYHUQHGE\DQHIIHFWLYHVWUHVVZKLFKLVDIXQFWLRQ
RIWKHVWUHVVILHOGLQWKHQHLJKERUKRRGVRIWKHQRWFKURRW>@,Q>@DOLQHPHWKRGZDVDGRSWHGZKHUHLQWKHFULWLFDO
FRQGLWLRQRIDQRWFKHGPHPEHULVDFKLHYHGZKHQWKHHIIHFWLYHVWUHVVFDOFXODWHGE\DYHUDJLQJDQHTXLYDOHQWVWUHVVVeq
DORQJWKHQRWFKELVHFWRURYHUDPDWHULDOFKDUDFWHULVWLFOHQJWKLHTXDOVWKHSODLQIDWLJXHVWUHQJWKf7KLVZDVDVVXPHG
WREHWKDWRIWKHXQSHHQHGPDWHULDOVLQFHWKHZRUNKDUGHQLQJLQWURGXFHGE\VKRWSHHQLQJH[HUWVDQHJOLJLEOHLQIOXHQFH
RQWKHIDWLJXHUHVLVWDQFH>@
,QWKHSUHVHQWZRUNWKHDVVXPSWLRQVUHJDUGLQJWKHIDWLJXHSURSHUWLHVRIWKHSHHQHGPDWHULDODUHUHWDLQHGZKHUHDV
WKHWKHRU\RIFULWLFDOGLVWDQFHLVDSSOLHGLQDGLIIHUHQWZD\,QVWHDGRIDYHUDJLQJWKHHTXLYDOHQWVWUHVVDORQJWKHQRWFK
ELVHFWRUO\LQJRQWKHIURQWDOVXUIDFHWKHDYHUDJHLVFRPSXWHGRYHUDVTXDUHDUHDO\LQJRQWKHQRWFKV\PPHWU\SODQHLQ
RUGHUWRFDSWXUHWKHLQGHSWKYDULDWLRQRIWKH56ILHOG

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)LJ&RQWRXUSORWVRIWKHUHFRQVWUXFWHG56ILHOGDFHORQJLWXGLQDOEGIWUDQVYHUVDOUHVLGXDOVWUHVVDEEOXQWQRWFK5FGVKDUS
QRWFK5HIYHU\VKDUSQRWFK5
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7KH&URVVODQGFULWHULRQZDVDGRSWHGIRUPRGHOOLQJWKHVWUHVVFRQGLWLRQVDWQRWFKHVVLQFHWKHORDGLQJLVSURSRUWLRQDO
DQGWKHFULWHULRQSURYHGWRVXFFHVVIXOO\SUHGLFWWKHIDWLJXHUHVSRQVHRISHHQHGFRPSRQHQWVZKHQWKHIDWLJXHEHKDYLRU
LVFRQWUROOHGE\VXUIDFHFUDFNLQLWLDWLRQ>@6SHFLILFDOO\WKH&URVVODQGFULWHULRQLQFOXGHVWKH9RQ0LVHVHTXLYDOHQW
VWUHVVDPSOLWXGHVVM,aDQGWKHPD[LPXPK\GURVWDWLFSUHVVXUHpPD[LQHTQ8QGHUEHQGLQJIDWLJXHWHVWVDWQRPLQDO
VWUHVVDPSOLWXGHVaDQGORDGUDWLRRVVM,aDQGpPD[DUHH[SUHVVHGLQWHUPVRIWKHSULQFLSDOVWUHVVHV¶DPSOLWXGHE\HTQ

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7KHPDWHULDOSURSHUWLHVDCDQGECZHUHGHWHUPLQHGLQ>@DWVHYHUDOIDWLJXHOLYHVIURPWHQVLRQWRUVLRQDQGLQSKDVH
FRPELQHGWHQVLRQ±WRUVLRQWHVWV7KHFULWLFDOGLVWDQFHLKDVEHHQFKRVHQHTXDOWRWKH(O+DGGDGGLVWDQFH>@ZKLFK
LVDIXQFWLRQRIERWKWKHUDQJHRIWKHWKUHVKROGVWUHVVLQWHQVLW\IDFWRUIRUFUDFNSURSDJDWLRQ
  thK R MPa m'   >@DQGSODLQIDWLJXHVWUHQJWKUDQJHDWKLJKQXPEHURIF\FOHVWRIDLOXUH
 f MPa'  >@GHWHUPLQHGDWWKHVDPHORDGUDWLRR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7KHFRPSDULVRQEHWZHHQWKHH[SHULPHQWDOGDWDDQGWKHPHDQIDWLJXHFXUYHVFDOFXODWHGDFFRUGLQJWRWKHDERYH
SURFHGXUHLVVKRZQLQ)LJ


)LJ&RPSDULVRQEHWZHHQH[SHULPHQWDOGDWDDQGFDOFXODWHGIDWLJXHFXUYHVRIWKHSHHQHGVDPSOHV
'HVSLWHDVOLJKW WHQGHQF\RI WKH&URVVODQGFULWHULRQ WRRYHUHVWLPDWH WKH IDWLJXHUHVLVWDQFH LQ WKHPHGLXPF\FOH
UHJLPHDVDOUHDG\REVHUYHGLQ>@WKHSURSRVHGIDWLJXHFDOFXODWLRQPHWKRG\LHOGVDFFXUDWHHVWLPDWLRQVRIWKHIDWLJXH
EHKDYLRURISHHQHGQRWFKHGVSHFLPHQV$FFRUGLQJO\WKHUHODWLYHHUURULVORZHUWKDQZLWKLQWKHHQWLUHH[SORUHG
IDWLJXHOLIHLQWHUYDO,QDGGLWLRQLWFDQEHQRWHGWKDWWKHSUHGLFWHGIDWLJXHFXUYHVIRUVKDUSDQGYHU\VKDUSQRWFKHVGR
QRWVKRZWKHFKDQJHLQVORSHDURXQGIDWLJXHF\FOHVGLVSOD\HGE\WKHH[SHULPHQWDOGDWD7KLVFRXOGEHH[SODLQHG
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E\WKHIDFWWKDWVLQFHWKHSUHGLFWHGFXUYHUHSUHVHQWVWKHFRQGLWLRQRIIDWLJXHFUDFNLQLWLDWLRQLWLVLPSOLFLWO\DVVXPHG
WKDWWKHIDWLJXHOLIHLVSUHSRQGHUDQWO\VSHQWWRQXFOHDWHDGRPLQDQWFUDFN+RZHYHUFUDFNVQXFOHDWHGDWWKHQRWFKWLS
GXHWRWKHKLJKVWUHVVFRQFHQWUDWLRQPD\EHFRPHQRQSURSDJDWLQJIDUIURPWKHQRWFKGXHWRWKHVWHHSO\GHVFHQGLQJ
VWUHVVJUDGLHQWDQGFUDFNFORVXUHSURPRWHGE\FRPSUHVVLYH56V7KLVPLJKWH[SODLQWKHUHDVRQZK\WKHVORSHFKDQJH
LQWKHIDWLJXHOLQHLVPRUHSURQRXQFHGLQVKDUSHUQRWFKHVDQGLQVKRWSHHQHGVDPSOHV7KLVSKHQRPHQRQZLOOEHPDWWHU
RIIXWXUHLQYHVWLJDWLRQVDLPHGDWLGHQWLI\LQJWKHSURSDJDWLRQWKUHVKROGFRQGLWLRQRIIDWLJXHFUDFNVHPDQDWLQJIURP
QRWFKHVDQGHPEHGGHGLQDFRPSUHVVLYH56ILHOG
&RQFOXVLRQV
7KHQRWFK IDWLJXH VWUHQJWKRI VKRWSHHQHG$O7DOOR\KDVEHHQ H[SHULPHQWDOO\ LQYHVWLJDWHG H[SORULQJ
IDWLJXHOLYHVEHWZHHQDQG7KHIDWLJXHLPSURYHPHQWGXHWRSHHQLQJZDVGLVFXVVHGDFFRXQWLQJIRUWKHUHVLGXDO
VWUHVVHIIHFWV7KHUHVLGXDOVWUHVVILHOGDKHDGRIWKHQRWFKURRWZDVQXPHULFDOO\VLPXODWHGVWDUWLQJIURPH[SHULPHQWDO
YDOXHVPHDVXUHGDORQJWKHQRWFKELVHFWRUZLWKQRQGHVWUXFWLYHDQGGHVWUXFWLYHWHFKQLTXHVQDPHO\PLFUR;5'DQG
),%',&PLFURVORWFXWWLQJDQGPLFURKROHGULOOLQJ7KHIROORZLQJFRQFOXVLRQVFDQEHGUDZQ
 6KRW SHHQLQJ VWURQJO\ LPSURYH WKH IDWLJXH EHKDYLRU RI $ODOOR\V HYHQ LQ WKH SUHVHQFH RI JHRPHWULFDO
GLVFRQWLQXLWLHVUHVXOWLQJLQJUHDWO\UHGXFHGQRWFKVHQVLWLYLW\
 7KHVKDUSQRWFKHVLQGXFHDUHPDUNDEOHUHVLGXDOVWUHVVFRQFHQWUDWLRQZKRVHHQWLW\VFDOHVZLWKWKHQRWFKVHYHULW\
 7KH QRWFK IDWLJXH EHKDYLRU FDQ EH VDWLVIDFWRULO\ VLPXODWHG E\ WKH &URVVODQG FULWHULRQ LQFRUSRUDWLQJ UHVLGXDO
VWUHVVHV DQG FRPELQHG ZLWK DQ DUHD PHWKRG EDVHG RQ WKH FULWLFDO GLVWDQFH WKHRU\ WR DFFRXQW IRU WKH QRWFK
VHQVLWLYLW\
5HIHUHQFHV
>@ .$6RDG\/LIHDVVHVVPHQWPHWKRGRORJLHVLQFRUSRUDWLQJVKRWSHHQLQJSURFHVVHIIHFWVPHFKDQLVWLFFRQVLGHUDWLRQRIUHVLGXDOVWUHVVHVDQG
VWUDLQKDUGHQLQJ3DUWWKHHIIHFWRIVKRWSHHQLQJRQIDWLJXHUHVLVWDQFH0DWHU6FL7HFKQRO±
>@ .$6RDG\%*0HOORU3$65HHG/LIHDVVHVVPHQWPHWKRGRORJLHVLQFRUSRUDWLQJVKRWSHHQLQJSURFHVVHIIHFWVPHFKDQLVWLFFRQVLGHUDWLRQ
RIUHVLGXDOVWUHVVHVDQGVWUDLQKDUGHQLQJ3DUWDSSURDFKHVWRIDWLJXHOLILQJDIWHUVKRWSHHQLQJ0DWHU6FL7HFKQRO±
>@ 0%HQHGHWWL9)RQWDQDUL36FDUGL&/$5LFDUGR0%DQGLQL5HYHUVHEHQGLQJIDWLJXHRIVKRWSHHQHG7DOXPLQLXPDOOR\7KH
UROHRIUHVLGXDOVWUHVVUHOD[DWLRQ,QW-)DWLJXH
>@ 0%HQHGHWWL9)RQWDQDUL%'0RQHOOL1XPHULFDOVLPXODWLRQRIUHVLGXDOVWUHVVUHOD[DWLRQLQVKRWSHHQHGKLJKVWUHQJWKDOXPLQLXPDOOR\V
XQGHUUHYHUVHEHQGLQJIDWLJXH$60(-(QJ0DWHU7HFKQRO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